Summary Verapamil (0.05-5 ,1M), diltiazem (0.2-20 /iM), and nifedipine (0.3-30 LM) produced concentration-dependent relaxation of bovine coronary artery. Based on the ECSO values (concentration to produce 50°c maximum response), the calcium entry blocker verapamil (relative potency= l) was 3.4 and 7 times as potent as diltiazem and nifedipine, respectively, in producing relaxation of bovine coronary artery. In addition, verapamil reduced the contractions produced by acetylcholine (0.01-10 RM), 5-hydroxytryptamine (5-HT) (0.01-10 ELM) whereas it potentiated the relaxation produced by noradrenaline (0.01-10 /2M). It was concluded that verapamil, diltiazem, and nifedipine (a) relax the bovine coronary artery, verapamil being more potent than diltiazem and nifedipine, and (b) the calcium entry blockers modified the contractile responses to neurotransmitter agents, acetylcholine, noradrenaline, and 5-HT, inhibiting the contractions produced by acetylcholine and 5-HT, and enhancing the relaxation produced by noradrenaline.
artery were studied to see if the calcium entry blockers differ in their effects on tone and contractility of coronary artery in vitro.
The coronary artery, a part of the anterior descending branch of the left coronary artery, 4-5 mm diameter, was obtained from cattle hearts within 20 min of slaughter (killed by exsanguination). The artery was transported to the laboratory in chilled (0-5°C) standard saline solution. The adventitia was removed from the arteries which were then cut into helical strips, 2-3 mm wide and 20-30 mm long (CAMPBELL et al., 1983; DOCHERTY and HYLAND, 1985) . Strips of coronary artery were cut from the anterior descending branch 50-80 mm distal to its origin. In the present experiments, the endothelium was lost during the preparation of the strips, and by mechanical rubbing of the tissue. In the absence of endothelium, acetylcholine (ACh), and other neurotransmitters produce contraction of arteries (FURCHGOTT, 1981) .
The preparation was set up, under a tension of 0.5 g, in an organ bath containing 20 ml of Krebs-Henseleit solution maintained at 38 + 2°C and bubbled with 5 % C02 in 02. The final pH of the Krebs solution was adjusted to 7.2. The composition of the Krebs solution was (mM): NaCI 118, KCl 4.75, CaCl2 6H2O 2.54, KH2P04 1.2, Mg504 1.2, NaHC03 25, and glucose 11.1. After the preparation was set up, it was left in the bath for about 15 min to settle before drug application. Mechanical responses (relaxation or contraction) induced by drug application were recorded isometrically using a force-displacement transducer (D 1 50 g) and a Washington pen recorder (model 400 MD 2C, Bioscience, U.K.). The frequency-response of the amplifier of the recorder was linear up to 28±2 Hz, declining to a minimum with a -3dB of about 38 Hz.
Concentration-response curves were constructed for each drug alone, and sometimes in the presence of another drug, and the mean EC50 values (i.e. concentration to produce 50°c maximum contraction or relaxation) of druginduced responses were determined. In constructing the concentration-response curves, the cumulative method was not used, for fear of accumulation of drugs with time (WILLIAMS et al., 1983) . The single concentration pattern was used, and individual concentrations were given in a random manner. Drugs were added into the bath containing the preparation, in small volumes, 0.2 or 0.4 ml, to give a final desired concentration, i.e. concentration at the muscle. Drugs were applied, for 4-5 min, until a maximum effect was obtained, and the preparation was washed out in control Krebs solution (2-3 times) to allow for the recovery of the responses. However, when high concentrations of calcium antagonists were used, recovery process was difficult and took a long time (20-30 min), depending on the concentration used. The effect of each drug on at least 3 fresh preparations (six strips) was studied. All drugs and solutions were made up in de-ionized distilled water. The drugs used were: verapamil HCl (Cordilox, Abbott), nifedipine (Adalat, Bayer), diltiazem HCl (Lorex LP 11956), ACh chloride (Sigma), noradrenaline (NA) L bitartrate (Koch-Light), 5-hydroxytryptamine (5-HT) creatinine sulphate (Sigma), atropine sulphate (Sigma), propranolol HCl (Sigma), yohimbine HCl (Sigma), prazosin HC1 (Pfizer), ketanserin tartrate (Janssen), methysergide bimaleate (Sandoz), and potassium chloride (Sigma). The nifedipine solution was freshly prepared daily in polyethylene glycol : ether : water (15: 15 : 50, V : V : V). The vehicle used had no significant effect on the coronary artery. The nifedipine solution was protected from direct light source and all experiments were done in darkness (CHEUNG, 1985a, b) . Mean + S.E, of values were calculated and a Student's t-test was employed to test the significance between two sets of paired observations in the same experiment. To evaluate the difference between the concentration-response curves, the analysis of variance was used. A probability value of p <0.05 was considered significant. Verapamil (0.05-5 µM), diltiazem (0.2-20 pM), and nifedipine (0.3-30 pM) relaxed the bovine coronary artery in the presence of propranolol (1pM), to block 1-adrenergic influences. The mean maximum relaxations and the EC50 values (concentration to produce 5000 maximum response) of calcium entry blockerinduced relaxation are shown in Table 1 . Based on the EC50 values, verapamil (relative potency== 1) was about 3.4 and 7 times as potent as diltiazem and nifedipine, respectively, in relaxing the bovine coronary artery. As mentioned earlier, the coronary artery strips did not contain endothelium, and thus there was no obvious protection against vasocontrictor effects of drugs. ACh (0.01-10 µM) and 5-HT (0.01-10 pM) contracted whereas NA (0.01-10 pM) relaxed the bovine coronary artery. The mean maximum contraction or relaxation and the mean EC50 values of ACh, NA, and 5-HT-induced responses are shown in Table 1 . Based on the ECS0 values, 5-HT was twice as potent as ACh, in contracting the coronary artery. Atropine (1 /IM) reduced the ACh-induced contraction by about 50°c. The contraction produced by 5-HT was reduced by both ketanserin (1 ELM) and methysergide (1 /IM), by about 95 and 75% respectively. In the bovine coronary artery, NA produced relaxation of the artery, and this was reduced by about b0%, of the control value, in the presence of propranolol (1 µM). Yohimbine (1 µM) and prazosin (1 JiM) did not have significant effect on the NA-induced relaxation in the bovine coronary artery. Verapamil (1 JM) enhanced the NA-induced relaxation, by 38± 2%, whereas it reduced the ACh and 5-HT-induced contractions by 45±3 and 40 + 100, respectively. Figure 1 shows log, concentration-response curves for NA, ACh, and 5-HTinduced responses in the presence and absence of verapamil (1JM), in bovine coronary artery in vitro. Verapamil enhanced the NA-induced relaxation and shifted its control curve to the left (la to l b), whereas it decreased the ACh and 5-HT-induced responses (contractions) and shifted their curves to the right (2a to 2b and 3a to 3b). The mean EC50 values of neurotransmitters in the presence and absence of verapamil (1 µM) are shown in Table 1 . Verapamil, diltiazem, and nifedipine relaxed the bovine coronary artery in a concentration-dependent manner. The mechanism of relaxation is not clear from the present experiments but it may be due to inhibition of influx of calcium through voltage-dependent slow "calcium" channels.
In the bovine coronary artery, verapamil was more potent than diltiazem and nifedipine (Table 1) , in relaxing the artery, suggesting that there may be some degree of tissue selectivity in the action of calcium antagonists. Information on the subgroups of calcium antagonists has been reported recently (SPEDDING, 1985; DEFEUDIS, 1985) . Structure-activity and binding studies have revealed 4 different binding sites and 3 different functional classes of calcium antagonists (SPEDDING, 1985) . Group 1 contained the dihydropyridine, nifedipine; group II included both verapamil and diltiazem, and group III included the diphenylalkyl amines. Although this classification and those reported by other workers (SINGH and VAUGHAN-WILLIAMS, 1972; GLOSSMANN et al., 1982; FLECKENSTEIN, 1983; MURPHY et al., 1983 ) may be useful in drug design, such classifications are far from being well-established. Except for the classification of GLOSSMANN et al. (1982) , other classifications have assigned verapamil (a phenylalkylamine) and diltiazem (a benzothiazepine) to the same class. On the other hand, DEFEUDIS (1985) has shown that marked differences may exist between verapamil and diltiazem. The present results are in agreement with the above finding, in that verapamil was 5 times more potent than diltiazem and 7 times as potent as nifedipine, in producing relaxation of the bovine coronary artery in vitro.
The interaction of verapamil, diltiazem, and nifedipine with neurotransmitters, ACh, NA, and 5-HT, was exploited to further investigate the possible differences (in potencies) of the action of calcium antagonists. In the present experiments, both ACh and 5-HT contracted the bovine coronary artery, whereas NA relaxed the artery. This finding is in keeping with those previously reported by other workers (CHAND and EYRE, 1979; GARLAND and KEATINGE, 1982) . In the bovine coronary artery, ACh produced large contractions, whereas NA produced small relaxations (Table 1) , and this finding was interpreted on the observation, histologically, by other workers (GARLAND and KEATINGE, 1982) that the coronary artery is extensively innervated by cholinergic neurones (KALSNER, 1979) . In contrast, the carotid artery of sheep (GRAHAM and KEATINGE, 1975 ) is contracted by NA, suggesting that species and tissue differences in the action of NA may exist (LONG and STONE, 1985) . It has been shown, in rabbit aorta, that the contraction produced by NA was due to the release of internal Cat + ions (KARAKI et al., 1979; VAN BREEMEN and SEIGEL, 1980) , and/or the influx of calcium through receptor-mediated calcium channels (MEISHERI et al., 1981) . The receptor-mediated response was insensitive to calcium antagonists and/or to membrane depolarization (BOLTON, 1979; MEISHERI et a!.,1981) . In the present experiments, verapamil reduced the ACh and 5-HT-induced contractions whereas it enhanced that produced by NA in bovine coronary artery (Table 1) . Thus there may be some selectivity in the action of calcium antagonists (see DEFEUDIS, 1985) . Verapamil, not diltiazem, behaved as a competitive antagonist at 5-HT2 receptors of rabbit aorta (TAYLOR and DEFEUDIS, 1984) and inhibited the 5-HT induced shape change in human platelets (AFFOLTER et al., 1985) . Diltiazem was 16 times less potent than verapamil, in displacing the labelled spiperone bound to D2-receptors in striatal homogenates of rat brain (DEVRIES and BEART, 1984) .
In summary, verapamil, diltiazem and nifedipine relaxed the bovine coronary artery, verapamil being a more effective vasodilator than diltiazem and nifedipine. Verapamil reduced the contractions produced by ACh and 5-HT, whereas it enhanced the relaxation produced by NA in the same artery. The differences in the potency of calcium entry blockers and in their interactions with neurotransmitters used in this study may provide some support for the proposed classification of calcium antagonists suggested by DEFEUDIS (1985) .
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